Decentralization 			Professor Rick Young, Ohio State University[footnoteRef:-1] [-1:  Thanks to Professors Anil Arya and Brian Mittendorf of Ohio State University for these examples and numerous discussions.
] 


Introduction:
An important issue in an organization is who obtains access to which information and who is allowed to make which decisions. In management accounting this issue arises primarily in the discussion of the costs and benefits of decentralization. 

It is efficient for large firms to use a decentralized organization structure in which many individuals have decision rights over limited areas of firm operations. This approach allows individuals to become skilled at understanding their area, but a natural consequence of decentralizing is coordination issues arise. When coordination is important, as when interactions occur in production and sales, the firm has to decide whether to intercede. The more headquarters intercedes, the less autonomy division managers will have, which may have incentive consequences, as it is often argued that high-level managers have a taste for control.

One way to encourage coordination, without becoming fully centralized, is to calculate division “profits” and reward managers for reaching divisional profit goals. Divisional profits are outside the purview of GAAP, because the divisions are interacting at less than arm’s length. The general approach used to determine divisional profits is to introduce a transfer pricing system. A transfer price t is a price use to charge (credit) a firm’s divisions that buy (sell) goods or services to other divisions.

Section 1:
We begin our study of transfer pricing within a simplistic world of no uncertainty and hence no information asymmetry about the firm’s cost and revenue structure.  Consider a firm consisting of a manufacturing division M that produces a product at a constant marginal cost of c, and a selling division S that acquires the product from M and sells it to the firm’s customers. Each manager is instructed to maximize his own division profit. We will investigate several cases.

	M ––>   S ––> Customer
		      q

Case 1: M cannot sell its product to anyone but S, and S acts as a monopolist with an inverse demand function P(q) = a-q. The approach we will use is as follows: (1) derive the firm’s optimal choice of q, (2) derive M’s and S’s optimal quantities to produce and sell, and (3) solve for the “coordinating” transfer price t such that M and S wish to choose production and sales equal to what is found in (1).

1. The firm’s problem is the following.
	Max (a-q)q - cq
	  q
A solution is found by setting the first derivative of firm profits equal to zero and solving for q. You will find q = (a-c)/2. (Obviously, the second order condition is satisfied. In addition, if c ≥ a, the solution is quite uninteresting.)

2. M maximizes tq – cq, and is therefore willing to produce whatever q is desired by S if t = c. (If t > c, M would prefer to produce an infinite amount.)

3. S solves the following problem.
	Max (a-q)q – tq
	   q
The solution is found as in 1, and you will find q = (a-t)/2.

Obviously, then, the optimal transfer price, that is, one where M and S would both choose the same q that maximizes firm profits, is t = c. This is “marginal cost pricing”. Stepping back from the specifics of the example, the general idea is to set the transfer price equal to the firm’s opportunity cost (at the margin).

Case 2: M can sell its product not only to S, but also as an input to other producers, which we refer to as the “intermediate market”. The price in this market P id independent of quantity, capturing that M acts as a price taker. We now make a change of notation, so that parameters subscripted by S refer to the product sold by S, and those subscripted by I refer to the product sold by M in the intermediate market.

	        –->  Intermediate market
	qI /
	   /
	M ––>   S ––> Customer
		      qS


1. The firm’s problem is the following.
	Max PqI + (a-qS)qS – c(qI+qS)
	 qI, qS
The solution is to make qI as large as possible as long as P ≥ c, and to set qS = (a-c)/2.

2. M maximizes PqI + tqI – c(qI+qS), and is therefore willing to make qI as large as possible as long as P ≥ c, and whatever qS is desired by S as long as t ≥ c.

3. S solves the following problem.
	Max (a-qS)qS – tqS
	   qS
The solution is qS = (a-t)/2.

Obviously then the optimal transfer price is t = c (again).

Case 2a: To make life more interesting, suppose the firm has a short run constraint on how much it can produce, Q. With P > c, and the same structure as above, this constraint will surely be binding, so qI = Q–qS. In this case, in order to make another unit of product internally the firm must forego a unit of sales outside.

1. The firm’s problem is as follows.

	Max P(Q–qS) + (a-qS)qS – cQ
	  qS

The solution is qS = min{(a-P)/2, Q} and qI = Q-min{(a-P)/2, Q}.

2. M maximizes P(Q-qS )+ tqS – cQ, and if t = P is therefore willing to make whatever qS is desired by S, and sell the remainder of capacity in the intermediate market.

3. S solves the following problem.
	Max (a-qS)qS – tqS
	  qS
The solution is qS = min{(a-t)/2, Q}, and so S will “buy” from M the firm’s optimal amount if and only if t = P, which is interpreted as a “market price”. The intuition for setting t = P is each unit “sold” by M to S requires a unit not be sold at P in the external market.

Case 3: M can sell its product not only to S, but also to an external market in which it has a monopoly, with inverse demand function PI = (aI-qI). This case is only interesting if capacity is constrained, because otherwise the two markets operate with no spillover.

1. The firm’s problem is the following.
	Max (aI-qI)qI + (aS-qS)qS – c(qI+qS)
	 qI, qS
subject to qI+qS ≤ Q

Assuming this constraint is tight, we substitute qI = Q-qS and solve.
	Max (aI-Q+qS)(Q-qS) + (aS-qS)qS – cQ
	  qS

The solution is qS = (aS-aI+2Q)/4. (We naturally assume aS-aI+2Q > 0.)

2. M, after substituting in the binding capacity constraint, maximizes: 
	(aI-Q+qS)(Q-qS) + tqS – cQ.
 
The solution is qS = (t-aI+2Q)/2, so the optimal transfer price, meaning that which induces M to produce the same qS, is t = (aS+aI-2Q)/2. Importantly, it turns out that the transfer price is less than the market price, which is aI-qI = aI-(Q-(aS-aI+2Q)/4) = (3/4)aI+(1/4)aS-Q/2, and greater than the firm’s marginal cost, c.

3. S solves the following problem.
	Max (aS-qS)qS – tqS
	   qS
The solution is qS = min{(aS -t)/2, Q}. One can verify that the same transfer price that induces M to transfer to S the optimal amount of qS from the firm’s and M’s perspective also induces S to acquire from M that same amount. That is, a single transfer price continues to be “coordinating” and efficient for the firm.

Student exercises:
1. Consider Case 1, where M only “sells” to S. M’s marginal cost is 10. The firm faces an inverse demand function for its product of P(q) = 110-q. What transfer price maximizes firm profits?

2. Consider Case 2, where M can sell in a perfectly competitive market at a price of P, and the firm has capacity of producing 50 units. M’s marginal cost is 10. S faces an inverse demand function for its product of P(q) = 110-q. Assuming P = 30, what transfer price maximizes firm profits?

3. Prove that in Case 3, where capacity is constrained, the transfer price is less than the market price. (Hint: remember, aS-aI+2Q > 0.)


Section 2:
Consider a case where the firm is a duopolist with respect to the product sold by the seller to customers and M only “sells” to S. We refer to the firm’s only competitor in that market as the rival. The inverse demand functions for the firm (PS) and its rival (PR) are as follows. 

	PS = a – kqS – qR	PR = a – kqR - qS

k is assumed to be greater than or equal to zero; where k = 1 corresponds to products that are perfect substitutes and k = 0 corresponds to monopolistic competition. Assume for simplicity there are no binding capacity constraints and the identical cost structure for both firms. Also for simplicity, assume the firm and its rival choose their production levels without knowing the other’s choice. 

1. The firm’s and rival’s problems are the following.

	Max (a-qS-kqR)qS - cqS
	  qS

	Max (a-qR-kqR)qS – cqR
	  qR

Here we compute a Nash equilibrium by finding the optimal production quantity for each firm, holding constant the other’s quantity, and the two quantities must be consistent. Thus, the firm’s and rival’s optimal quantity is found by solving the following first order conditions simultaneously; these conditions might be referred to as “best response functions”.
	a – qS – kqR – qS – c = 0, so qS = (a – kqR – c)/2
	a – qR – kqS – qR – c = 0, so qR = (a – kqS – c)/2

Next, substitute for qR into the expression for qS, and then solve for qS.

	qS = (a – k [(a – kqS – c)/2] – c)/2
	qS = 2(a-c)(1-k/2)/(4-k2)

An interesting issue that arises here is the firm could improve its profits if it could convince the rival it will supply a quantity qS greater than what is calculated above. The reason is by doing so the rival would decrease qR, which would increase the price obtained by the firm. To verify this, assume a = 110 and c = 10, and k = 1. Then the equilibrium quantity and profit for each duopolist is 33 1/3 and 2,255.56, respectively; notice each sells a greater quantity than it would if it were a monopolist. Now assume the firm could somehow convince the rival it would produce qS = 35. Then, using the best response function above, the rival’s best response is qR = 32.5, and the firm’s profit would be 2,317.5 > 2,255.56.

Here is where a potential advantage to decentralizing crops up. Suppose the firm would commit to a transfer pricing policy that is visible to the rival and to let the seller division choose qS. (Assume for now the manufacturing division will supply whatever seller demands.) The seller division would choose qS = (a – t – kqR)/2. Returning to our example, setting t = 7.5, which is significantly less than the firm’s marginal cost of 10, would induce the seller division to demand 35 units from the manufacturing division if the rival produced 32 units, and as we have explained above, the rival’s best response to qS = 35 is qR = 32.5.

Exercise:

In the duopoly setting immediately above and with a decentralized firm structure, what is the optimal transfer price? (Hint: the answer may seem a little quirky!)
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